Introduction
Fungal dimorphism,the interconversion between two different growth forms according to environmental conditions,is a simple model of cellular morphogenesis as well as considered an important virulence trait of many pathogenic fungi (Cutler ,1991 ; Calderone1994; Odds,1994; Lo et al.,1997) .Candida albicans and its related petroleum-assimilating species C.tropicalis are opportunistic pathogens of warm-blooded animals and humans,growing in either yeast or filamentous form depending on environmental conditions.The clinical importance of candidiasis has increased recently due to the onset of AIDS and medical procedures including immunosuppressive therapy and organ transplants .The developmental transition from yeast form to the filamentous form of these Candida species is considered to contribute to early steps in invasion of epithelial tissues (Fidel&Sobel ,1994) . Recent investigations on fungal dimorphism have been progressively done in the baker's yeast Saccharomyces cerevisiae as well as in C.albicans .It has turned out that diploid cells of S.cerevisiae,with a bipolar mode of bud site selection ,can undergo a switch to a pseudohyphal form in response to nitrogen starvation (Gimeno et al.,1992) .This filamentous growth form represents a dramatic change in the cellular program in which the cells elongate,adopt a unipolar budding pattern , remain physically connected in chains,and invade the agar (Kron et al .,1994) .The haploid cells of this organism with an axial mode of bud site selection ,also respond to nutrients deprivation by penetrating the agar,a process termed the invasive growth , in which growth behavior is switched to a bipolar mode of bud site selection (Roberts &Fink,1995 (Hawser et al.,1996; Hawser and Islam,1999 parallel relationships were demonstrated between the content of ergosterol and the frequency of occurrence of filamentation.Therefore,filamentation of this organism by the supplement of azole compounds did not simply be due to the decrease in ergosterol contents in membranes of this organism.We also examined another allylamine antifungal agent, terbinafine,which exerts its action by interfering with fungal ergosterol biosynthesis , through inhibition of the enzyme squalene epoxidase (Lyman and Walsh,1992) . Amorolfine,a morpholine derivative that blocks delta14reduction and delta7-8 isomerisation,resulting in depletion of ergosterol and accumulation of ignosterol in fungal cytoplasmic membrane (Lyman and Walsh,1992) .These two agents were also found induce filamentous growth at sub-MIC values in this organism(Table1) . Therefore,some causal relationships should be present between the induction of filamentous growth and the supplement of antifungal agents that affect ergosterol biosynthesis. In the case of ethanol-induced pseudohyphal formation in this organism,a decrease in the molar ratio of the saturated acid content of phospholipids,especially of palmitic acid in phosphatidylinositol was associated with filamentous growth (Uejima et al.,1987) .The occurrence of filamentous growth may be due to an increase in plasma membrane fluidity through a decrease in the sterol:phospholipid and sterol:protein ratios and an increase in unsaturation index (Alexandre et al., 1998) .Even a slight change in sterol content could affect the phospholipid composition by affecting the transfer rate of phospholipids by phospholipid-transfer proteins,especially by a phosphatidylinositol-transfer protein (Szolderits et al.,1989) , which might also be a cause for the filamentous growth in this organism.Numbers of separate signaling pathways leading to hyphal formation have been shown in C. the cell population,since the inoculum was from a stationary phase culture.After2h of incubation , the control culture entered into log-phase (Fig.1) which had been described by McGinnis(1980) ;(1)filamentous growth resulted from a blowing-out process and subsequent-appearing basal constrictions of each new filament,without the separation of each filament from its parental cell (Fig .2Aand  C) ,(2)the terminal cell of a pseudohypha was typically shorter or equal to the preceding cell just behind the first septum( Fig.2A and C),(3)the walls contained marked constrictions at septa,and(4)side branches were constricted at their point of origin and there was a septum at the origin of the branch (Fig.2C ).An initial stage of pseudohyphal formation in the ketoconazole culture was different from that in the ethanol-supplemented culture (Suzuki et al.,1998) .In the latter culture, depolarized cell growth precedes filamentation:individual yeast cells appeared to alter their shape from an ellipsoidal one to a spherical one and new-born daughter buds from spherical mother cells swelled up isodiametrically.Until late stage of the first phase of growth in the ethanol culture,several spherical yeast cells formed a chain and each cell of the chain increased its cell volume until the end of the first growth-phase (Suzuki et al.,1998) . On the other hand,in the ketoconazole culture of this work,new-born filamentous daughter cells appeared from the mother yeast cells apparently without such depolarized growth.Some of the mother cell also produced the second pseudohyophal filament without swelling during the second phase (Fig.2a to c). Until24h of incubation in the ketoconazole culture,some of the pseudohyphal filaments spread their branches out through the budding process (Fig .2c) . DAPI-staining revealed the location of nuclear DNA during the process of pseudohyphal development.In the developing pseudohypha,a nucleus was not located on the terminal cell but on the mother one just behind the septum,suggesting the nucleus mainly remained in the mother cell( Fig.2C and D).In the case of C. albicans true hyphal formation,the nucleus is located on the terminal cell and mitosis occurs at the center of the terminal one (Sudbery,2001 ).On the other hand , mitosis took place across the septum (Fig2A  and B) ,and then one of the daughter nuclei segregated into the terminal cell in this organism.These nuclear behaviors coincided with the description on the mitosis of C.albicans pseudohyphal development (Sudbery,2001) .
In order to elucidate these morphological events during pseudohyphal development induced by the supplementation of antifungal azole agents,we are now in progress to identify genes expressed preferentially during the development by subtractive gene cloning as described previously (Imanishi et al.,2001) .
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